EP 1 046 827 A2

Européisches Patentamt

(19) 0> European Patent Office

Office européen des brevets

(11) EP 1 046 827 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
25.10.2000 Bulletin 2000/43

(21) Application number: 00303192.9

(22) Date of filing: 14.04.2000

(51) Int.cl.”: F16C 32/06

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 19.04.1999 US 293954

(71) Applicant:
Applied Materials, Inc.
Santa Clara, California 95054-3299 (US)

(72) Inventors:
¢ Smick, Theodore H.
Essex MA 01929 (US)

* Farley, Marvin

Ipswich MA 01938 (US)

Sakase, Takao

Rowley MA 01969 (US)

* Ryding, Geoffrey
Manchester MA 01944 (US)

(74) Representative:

Cross, Rupert Edward Blount et al
BOULT WADE TENNANT,

Verulam Gardens

70 Gray's Inn Road

London WC1X 8BT (GB)

(54) Apparatus for reducing distortion in fluid bearing surfaces

(57) A fluid bearing is provided between opposed
planar fluid bearing surfaces on a rotor (50) and a stator
(90). In order to prevent the stator from becoming dis-
torted, the stator (90) is mounted to a base (45) indi-
rectly by means of an annular piston (180) fitting in an
annular groove (160). The piston may be fixed to the
base and the stator may have the groove, or vice versa.
The stator (90) is fixed to the piston (180) at three points
about the circumference of the bearing. The annular

piston (180) includes a sliding seal (190) in the annular
groove (160) and the piston is fixed slightly spaced from
the base of the groove so as to define a sealed fluid
chamber (210) extending around the circumference of
the stator. This fluid chamber is then pressurised to a
pressure just sufficient to maintain the stator undis-
torted, even under the loading of the rotor, which may
form a vacuum closure.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to an apparatus for
reducing the distortion of the bearing surfaces of a fluid
bearing such as a gas bearing. The invention relates in
particular to an ion implanter having such apparatus.

BACKGROUND OF THE INVENTION

[0002] As will be familiar to those skilled in the art,
in a typical ion implanter a relatively small cross-section
beam of dopant ions is scanned relative to a silicon
wafer. Traditionally, a batch of wafers was mechanically
scanned in two directions relative to a fixed direction ion
beam.

[0003] Single wafer processing has several advan-
tages over batch processing, such as increased flexibil-
ity of implantation and a reduction in the potential costs
should the implantation process fail, requiring the wafer
to be discarded. Single wafer processing is particularly
preferred for larger wafers having a diameter of 300 mm
or more.

[0004] For single wafer processing, it is desirable
mechanically to scan the silicon wafer in one direction
whilst electrostatically or electromagnetically scanning
or fanning the ion beam in a second direction.

[0005] US-A-5,003,183 and US-A-5,229,615 show
examples of a variety of different scanning mechanisms
which are known for this purpose. WO-A-99/13488
shows a further device suitable for allowing mechanical
scanning of a single wafer. In the device of WO-A-
99/13488, the wafer is mounted upon a substrate holder
in a process chamber of an implantation device.
Attached to, or integral with, the substrate holder is an
arm which extends through an aperture in the wall of the
vacuum chamber. Mechanical scanning is effected by a
scanning mechanism located outside the process
chamber. The scanning mechanism is connected with
the arm of the substrate holder and allows movement of
the arm (and hence the substrate holder) relative to the
process chamber.

[0006] To facilitate movement of the moving parts of
the scanning mechanism, one or more gas bearings are
provided. For example, the end of the arm distal from
the substrate support may be attached to a first bearing
member which moves reciprocally relative to a second
bearing member. This allows the wafer to be mechani-
cally scanned in a plane orthogonal to the ion beam of
the ion implanter. Movement of the first bearing member
relative to the second bearing member is facilitated via
a first gas bearing.

[0007] Likewise, the second bearing member may
itself be rotatable relative to the process chamber to
allow tilting of the substrate support relative to the direc-
tion of ion beam. The second bearing member rotates
against a stator mounted upon a flange adjacent the
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aperture in the wall of the process chamber; a second
gas bearing is employed between the stator and the
surface of the second bearing member to facilitate this
rotation.

[0008] For successful operation of the gas bear-
ings, the bearing surfaces must each be flat. Variations
in flatness of more than 10 um or so can cause one of
the bearing surfaces to touch the other bearing surface.
Whilst the bearing surface of the second bearing mem-
ber and that of the stator may be made flat to this accu-
racy, the exterior surface of flange on the process
chamber wall adjacent to the aperture therein tends to
be relatively uneven. Thus, when the stator is bolted or
otherwise affixed to that flange, the clamping forces
generated can distort the bearing surface of the stator.
This problem is exacerbated by the presence of a vac-
uum within the vacuum chamber: the force of atmos-
pheric pressure on the outside (non-bearing) surface of
the second bearing member can also contribute to dis-
tortion of the stator.

[0009] It is an object of the present invention to
address this problem. More generally, it is an object of
the invention to reduce the problems associated with
distortion of the bearing faces in a fluid bearing.

SUMMARY OF THE INVENTION

[0010] These and other objects are achieved by the
provision of a fluid bearing comprising: (i) a base; (ii) a
stator attached to the base providing a first planar fluid
bearing surface extending in a direction of movement;
(i) a movable member having a second planar fluid
bearing surface extending over the first surface, said
movable member being mounted to be movable relative
to said stator in said direction of movement, the first and
second surfaces being adapted to allow the second sur-
face to be supported spaced from said first surface by a
bearing fluid, one of said stator and said base having a
locating member extending normal to the plane of said
first surface and the other of said stator and said base
having a recess shaped to receive said locating mem-
ber; (iv) a fluid seal enabling said member to slide in
said channel in said normal direction sealing off an
enclosed volume between said member and said other
of said stator and said base; (v) a plurality of fixtures at
respective points distributed in a plane parallel to said
first surface to fix said locating member and said other
of said stator and said base together at said points to
form said enclosed volume, with said first surface of the
said stator undistorted, and a fluid controller controlling
the supply of a fluid to said enclosed volume to maintain
said first surface undistorted under the loading of said
moving member.

[0011] Supplying a fluid to a volume defined
between the locating member and the base or the stator
provides a "cushion" which minimizes the distortion
influence of the base upon the stator. This in turn
improves the flatness of the first planar fluid bearing sur-
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face of the stator relative to the second planar fluid bear-
ing surface of the moving member. Thus, the moving
member may move relative to the stator more easily.
This is because the thickness of the fluid bearing layer
may be reduced when both bearing surfaces are mutu-
ally very flat. Previously, in order to avoid the second
bearing surface of the rotor from contacting the first
bearing surface of the stator (which tended to be dis-
torted), a thicker fluid bearing layer was necessary.
Reducing the fluid bearing layer thickness provides sev-
eral advantages.

[0012] Preferably, the locating member is generally
rectangular in section, and the recess is correspond-
ingly generally rectangular in section to receive the
locating member. Most preferably, the locating member
is arranged substantially perpendicular to the normal
direction, and a corresponding base of the generally
rectangular recess is also arranged substantially per-
pendicular to the normal direction, the enclosed volume
being defined between the base of the locating member
and the base of the recess. This shape allows the locat-
ing member to extend in a normal direction whilst pro-
viding a significant area generally perpendicular to that
normal direction to provide a corresponding significant
volume for the fluid seal.

[0013] In one preferred embodiment, the locating
member defines an enclosed annulus in a plane per-
pendicular to the normal direction. For example, the sta-
tor may be circular in a plane perpendicular to the
normal direction, and the moving member may be a
rotor arranged to rotate relative to said stator about an
axis parallel to the normal direction.

[0014] The use of an annulus is preferred when the
movable member is arranged to rotate relative to the
stator, as the annular shape is particularly suitable for
supporting the stator against any loading forces intro-
duced by the movable member in that configuration.
[0015] In that case, it is preferable that there are
three fixtures distributed about the plane parallel to the
first bearing surface. Three represents the optimum
number of fixtures in the case where the rotor is
arranged to rotate relative to the stator, particularly
when they are distributed equidistantly about the
enclosed annulus.

[0016] Alternatively, the locating member may be
enclosed and generally rectangular in a plane perpen-
dicular to the normal direction. Such configuration is
preferred when the moving member is moved in one or
more linear directions relative to the stator, rather than
rotating relative to it.

[0017] Preferably, the fluid bearing further com-
prises means for evacuating a chamber volume which is
at least in part enclosed by the stator and the second
planar fluid bearing surface of the moving member.
[0018] In that case, preferably, the fluid bearing
comprises a pressure transducer to measure the pres-
sure within the said chamber volume, and a pressure
control means to control the pressure of the said supply
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of fluid to the enclosed volume in dependence upon the
measured pressure. This feedback control system
allows the pressure of the fluid in the enclosed volume
to be kept at the correct level to support the stator
against bowing or dishing, even when the vacuum in the
chamber volume changes (and thus the load presented
by the moving member changes).

[0019] In a preferred embodiment, the base com-
prises a flange on the wall of an ion implanter process
chamber.

[0020] Preferably, the fluid supplied
enclosed volume is compressed air.

[0021] In a further aspect of the present invention,
there is provided an ion implanter comprising: (i) an ion
beam generator to generate a beam of ions to be
implanted; (ii) a process chamber into which the ion
beam is directed, the process chamber having a stator
base thereon; (iii) a stator attached to the stator base
providing a first planar fluid bearing surface extending in
a direction of movement; (iv) a movable member having
a second planar fluid bearing surface extending over the
first surface, said movable member being mounted to be
movable relative to said stator in said direction of move-
ment, the first and second bearing surfaces being
adapted to allow the second surface to be supported
spaced from the first surface by a bearing fluid, one of
said stator and said stator base having a locating mem-
ber extending normal to the plane of the first bearing
surface and the other of said stator and said stator base
having a recess shaped to receive said locating mem-
ber; (v) a fluid seal enabling said member to slide in said
channel in said normal direction sealing off an enclosed
volume between said member and said other of said
stator and said stator base; (v) a plurality of fixtures at
respective points distributed in a plane parallel to the
first bearing surface to fix said locating member and
said other of said stator and said stator base together at
said points to form said enclosed volume, the number of
said fixtures being sufficient to ensure that the first pla-
nar bearing surface of the said stator remains undis-
torted, and a fluid controller controlling the supply of a
fluid to said enclosed volume to maintain the first planar
bearing surface undistorted under the loading of said
moving member.

[0022] The process chamber is typically evacuated
and contains a substrate holder for a large single wafer.
The substrate holder has an arm which extends through
the rotor and into a reciprocating member. This recipro-
cating member preferably moves on a fluid bearing
across a surface of the rotor which is outside the proc-
ess chamber and is at atmospheric pressure. Move-
ment of the reciprocating member provides for
mechanical scanning of the substrate holder relative to
an ion beam.

[0023] The rotor is able to rotate relative to the sta-
tor to adjust the angle of tilt of the substrate support rel-
ative to the ion beam. Once again, the use of a locating
member attached either to the stator base or the stator

to said
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and mountable within a recess upon the other of the sta-
tor base or stator, with a fluid seal to seal off an
enclosed volume between the locating member and the
recess significantly reduces the distorting forces on the
stator. This in turn allows a reduction in the thickness of
the fluid bearing which may be used between the stator
and the rotor.

[0024] The invention may be put into practice in a
number of ways, an embodiment of which will now be
described by way of example only and with reference to
the accompanying Figures in which:

Figure 1 shows a schematic side view of an ion
implanter including a process chamber;

Figure 2 shows a sectional view along the line A-A
in the process chamber of Figure 1, the process
chamber including prior art apparatus;

Figure 3 shows a sectional view along the line A-A
of the process chamber of Figure 1, according to a
preferred embodiment of the present invention;
Figure 4 shows a sectional view along the line B-B
of the process chamber of Figure 1, according to a
preferred embodiment of the present invention;
Figure 5 shows a close-up side view, in partial cut-
away, of the process chamber of Figure 1, accord-
ing to the preferred embodiment of the invention;
and

Figure 6 shows a block diagram of a pressure con-
trol system for use with the apparatus of Figures 3,
4 and 5.

[0025] Referring first to Figure 1, a schematic side
view of an ion implanter is shown. The ion implanter
includes an ion source 10 which is arranged to generate
a (typically collimated) ion beam 15. The ion beam 15 is
directed into a mass analyser 20 where ions of a
desired mass/charge ratio are selected electromagneti-
cally. Such techniques will be well known to those
skilled in the art and will not be detailed further.

[0026] The ion beam 15 exits the mass analyser 20
in a generally collimated stream. The ion beam exiting
the mass analyser may be subject to electrostatic accel-
eration or deceleration of the ions, depending upon the
type of ions to be implanted and the desired implanta-
tion depth.

[0027] Downstream of the mass analyzer is a proc-
ess chamber 40 containing a wafer to be implanted. In
the present embodiment, the wafer is typically a large
single wafer, approximately 300 mm in diameter.

[0028] The ion beam which exits the mass analyser
20 generally has a beam width and height which is sub-
stantially smaller than the diameter of the wafer to be
implanted. In order to provide a uniform ion dose over
the wafer, the beam needs to be scanned relative to the
wafer. In the preferred embodiment, the ion beam is
scanned electrostatically or electromagnetically in a first
plane via an electrostatic/electromagnetic scanner 30.
In the present example, the ion beam is scanned in a
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single plane which extends into and out of the page
when viewing Figure 1. The wafer itself is scanned
mechanically in a second direction orthogonal to the
direction of scanning of the ion beam. To scan the wafer
mechanically, the wafer is mounted upon a substrate
support. This consists of a plate onto which the wafer is
mounted within the process chamber 40, and an elon-
gate arm connected to the plate.

[0029] The elongate arm extends in a direction gen-
erally parallel with the direction in which the ion beam
scans out of the process chamber. The arm passes
through a slot (not shown) in a rotor plate 50 which is
mounted adjacent to a side wall of the process chamber
40. The end 60 of the scanning arm is mounted within a
scanning member 70. To effect mechanical scanning of
the scanning arm (and hence the wafer mounted upon
the plate) relative to the electrostatically/electromagnet-
ically scanned ion beam, the scanning member 70 is
movable in a reciprocating manner in the direction X
shown in Figure 1. To facilitate this scanning, the under-
surface of the scanning member 70 is spaced from the
upper surface of the rotor plate 50 by a cushion of com-
pressed air which acts as an air bearing.

[0030] The scanning member 70 in Figure 1 is
shown in a vertical position such that the surface of the
wafer is perpendicular to the plane of the scanned or
fanned incident ion beam. However, it may be desirable
to implant ions from the ion beam into the wafer at an
angle. For this reason, the rotor plate 50 is rotatable
about an axis defined through its centre, relative to the
fixed wall of the process chamber 40. In other words,
the rotor plate 50 is able to rotate in the direction R
shown in Figure 1.

[0031] As with the scanning member 70, movement
of the rotor plate 50 relative to the wall of the process
chamber is facilitated with an air bearing which lies
between the lower surface of the rotor plate 50 and the
upper surface of a stator (not shown in Figure 1)
mounted upon a flange extending from a wall of the
process chamber 40. Radial movement of the rotor
plate is constrained by a series of guide wheels 80
arranged around the circumference of the rotor plate 50.
The inside of the process chamber is evacuated (to pre-
vent contamination of the wafer and ion beam) and a
large force (due to atmospheric pressure) accordingly
acts to hold the rotor plate against the stator. It is this
pressure differential which prevents unwanted axial
movement of the rotor.

[0032] The mechanical scanning arrangement
described above is described in further detail in com-
monly assigned US Patent Application Serial No.
08/926,650, filed 10th September, 1997, and in PCT/
the contents of which are hereby incorporated in their
entirety by reference.

[0033] Referring now to Figure 2, a sectional view
along the line A-A of the process chamber 40 of Figure
1 is shown, in the case where the rotor plate 50 and sta-
tor are mounted upon a flange extending from the wall
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of the process chamber 40 using a prior art arrange-
ment.

[0034] The wall of process chamber 40 has a gen-
erally circular aperture (indicated by reference numeral
85 in Figure 2) in it. An annular flange 45 extends
around the edge of the circular aperture 85 in the wall of
the process chamber 40. A stator 90, whose purpose
will be described below, is affixed to the flange 45, the
stator 90 being substantially coaxial with the axis of the
circular aperture 85. Affixing of the stator 90 to the
flange 45 is achieved by a mounting fastener 100, such
as a bolt. This passes through an opening in the flange
45 and into a corresponding threaded opening in a
lower surface of the stator 90. It will be understood that,
in order to effect clamping of the stator 90 to the flange
45, a plurality of mounting fasteners 100 are employed
around the circumference of the flange.

[0035] The rotor plate 50 lies above an upper sur-
face (with respect to the drawing) of the stator 90. The
rotor plate 50 acts as a closure for the process chamber
40. The lower surface 110 of the rotor plate 50 acts as a
first bearing surface, and the upper surface of the stator
90 acts as a second bearing surface. A supply of com-
pressed air (not shown in Figure 2) is connected to a
series of compressed air channels in the stator 90
which are indicated schematically by arrows 130 in Fig-
ure 2. Application of compressed air to the compressed
air channels 130 creates a compressed air bearing 120
between the bearing surfaces of the rotor plate 50 and
the stator 90.

[0036] The process chamber 40 is evacuated. The
upper surface of the rotor plate 50 is, however, at atmos-
pheric pressure. To allow rotational movement of the
rotor plate 50 relative to the stator 90 on the com-
pressed air bearing 120, whilst maintaining a vacuum
within the process chamber 40, a series of differential
pumping channels 140 are provided. Such channels for
permitting a vacuum to be maintained adjacent a gas
bearing are known in the art and do not form part of the
present invention. Briefly, however, the channels allow a
graded pressure differential to be obtained between a
first differential pumping channel 150, which is a vent to
atmosphere, and a last differential pumping channel
140 which is at high vacuum.

[0037] In order for the rotor plate 50 to move
smoothly over the stator 90, the thickness of the air
bearing (i.e. the gap between the lower surface 110 of
the rotor plate and the upper surface of the stator 90)
needs to be highly uniform. A typical gap of 13 um is
desirable. Whilst it is possible without great difficulty to
machine the lower surface 110 of the rotor plate 50, and
the upper surface of the stator 90, to be flat to this
degree, the flange 45 upon which the lower surface of
the stator 90 is seated tends not to be as flat. The proc-
ess chamber 40 itself is relatively large and it is accord-
ingly not appropriate to attempt to machine the flange
thereon to be flat to this degree. Thus, when the flange
90 is clamped to the process chamber wall 45 with the
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mounting fasteners 100, distortion forces arise. These
in turn cause the upper surface of the stator 90 to be
distorted relative to the lower surface 110 of the rotor
plate 50.

[0038] Furthermore, distortion forces may arise due
to the pressure differential between the upper surface of
the rotor plate 50, at atmospheric pressure, and the
lower surface 110 thereof, which is at a high vacuum
(typically 10*Pa or less).

[0039] Previously, in order to overcome the effect of
these distortions, the pressure of the compressed air in
the compressed air bearing 120 was increased so that
the two bearing surfaces were unable to touch in use. A
typical compressed air supply pressure of 80 p.s.i. (560
kPa) was needed to ensure this.

[0040] Turning now to Figure 3, a section along the
line A-A of the process chamber of Figure 1 is shown,
embodying the present invention employed. Features
common to Figures 2 and 3 are labelled with like refer-
ence numerals.

[0041] As with the arrangement of Figure 2, a stator
90 is mounted upon the flange 45 which extends from
the wall of the process chamber 40. The stator 90 again
includes a plurality of compressed air channels 130 to
supply compressed air to an air bearing between the
stator 90 and a rotor plate 50. Likewise, the interior of
the process chamber 40 is evacuated using differential
pumping channels 140 and a vent to atmosphere 150
within the upper surface of the flange 90.

[0042] In contrast to the arrangement of Figure 2,
however, the stator 90 is not affixed directly to the flange
45. Instead, an annular recess 160 is formed within the
lower surface of the stator 90. The recess 160 extends
around the whole of the stator 90, and as shown in Fig-
ure 3 is generally rectangular in section.

[0043] A corresponding annular piston member 180
is mounted upon the flange 45. As with the annular
recess 160, the annular piston member 180 extends
around the circumference of the flange when mounted
thereon.

[0044] The annular piston member 180 is attached
to the flange 45 around the circumference of that flange
using mounting fasteners 100', such as bolts. The
number of mounting fasteners 100' employed is
selected to ensure that the annular piston member is
securely fastened to the flange. Alternative methods of
attaching the annular piston member 180 to the flange
45, such as welding, will be apparent to the skilled per-
son.

[0045] The radial width of the annular piston mem-
ber 180 is slightly less than the radial width of the annu-
lar recess 160 so that the piston member 180 is a sliding
fit within the annular recess 160. To create gas-tight
seals, O-rings 190 are employed within channels in the
walls of the annular recess 160 and in the flange 45
beneath the annular piston member 180. A further O-
ring is employed in a channel formed around the outer
radius of the annular piston member 180.
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[0046] The base of the annular recess 160 opens
into a compressed air line 170 which passes through
the body of the stator 90 and out of a lateral wall thereof.
The compressed air line 170 is connectable to a supply
of compressed air (not shown).

[0047] In use, the annular recess in the stator is
located over the annular piston member once the latter
has been attached to the flange 45. Compressed air
enters the compressed air line 170 and passes into a
gas support region 210 which is defined between the
upper surface of the annular piston member 180 and
the base of the annular recess 160. The pressure of the
compressed air supplied to the compressed air line 170
may be altered, but is chosen so as to prevent "dishing"
or "bowing" of the stator under the load of the rotor plate
50. At the same time, whilst any distortions in the flange
might be transmitted to the annular piston member, the
gas support region 210 prevents the distortion induced
by the flange from being transmitted to the stator. This
will be described in more detail in connection with Fig-
ures 4 and 6 below.

[0048] Because the gas support region contains
compressed air at a pressure higher than atmospheric
pressure, a piston pressure vent 220 is provided within
the annular piston member 180. This piston pressure
vent 220 extends radially through the annular piston
member as shown in Figure 3.

[0049] To prevent distortion of the upper bearing
surface of the stator 90 due to loading by the rotor plate
when in use, it is necessary to locate the stator 90 rela-
tive to the flange 45 and the annular piston member
180. In the described embodiment, this is achieved
using a plurality of locating bolts 105 as shown in Figure
4.

[0050] The number of locating bolts necessary to
avoid torsional force distortion on the stator is three,
arranged equidistantly around the circumference of the
annular piston member 180. Such an arrangement is
shown in the partial cutaway plan view of Figure 5. Of
course, in other arrangements (for example, in an appa-
ratus where linear as opposed to rotational movement
of one bearing surface relative to another is to occur)
different numbers of locating bolts may be employed.
[0051] Figure 4 shows a sectional view along the
line B-B of Figure 1, again with the apparatus embody-
ing the invention employed. Figure 4 accordingly shows
a view through a section of the flange 45, annular piston
member 180, stator 90, and rotor plate 50 at the radial
position of one of the three locator bolts 105.

[0052] As seen in Figure 4, each locating bolt 105
consists of a threaded shank which is screwed into a
corresponding hole through the annular piston member.
In other words, the shank of the locating bolt is substan-
tially normal to the upper surface of the annular piston
member 180. A head of the locating bolt 105 seats
within a recess in the lower surface of the annular piston
member 180, and may be locked in place with a spring
washer.
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[0053] The end of the shank distal from the head of
the locating bolt 105, extends through the upper surface
of the annular piston member 180 into a corresponding
threaded hole formed within the base of the annular
recess in the stator 90. A spacer washer 205 is mounted
around the shank of the locating bolt 105 and spaces
the upper surface of the annular piston member 180
from the base of the annular recess. Before com-
pressed air is forced into the gas support region, the
three locator bolts 105 are screwed into the stator 90,
and tightened until the base of the annular recess and
the upper surface of the annular piston member co-
operate to compress the spacer washer 205.

[0054] After the three locator bolts 105 have been
screwed into the stator, compressed air may be fed into
the gas support region. The pressure of the com-
pressed air is adjusted so as to prevent 'bowing' or 'dish-
ing' of the stator between the points where the locating
bolts 105 are. This may be achieved using a control sys-
tem, as will be described in connection with Figure 6
below.

[0055] Figure 5 shows, in partial cut-away, a close-
up side view of the process chamber 40 shown in Figure
1, with the embodiment of Figures 3 and 4 employed.
[0056] Figure 6 shows a block diagram of a pres-
sure control system which may be used to adjust the
pressure of the compressed air within the gas support
region 210. As seen in Figure 6, a pressure regulator
230 receives as a first input a supply of compressed air
from a compressed air reservoir (not shown). A pres-
sure transducer 240 is located within the evacuated
process chamber 40. The pressure transducer 240
measures the vacuum within the process chamber at a
given time. The output of the pressure transducer 240 is
amplified with an amplifier 250 and supplied as a sec-
ond input to the pressure regulator 230. The measured
pressure (i.e. the vacuum) within the process chamber
is used to adjust the pressure of the incoming com-
pressed air from the compressed air reservoir. The
pressure of the compressed air which is output from the
pressure regulator 230 to the compressed air line 170
and hence to the gas support region 210 is adjusted so
as to counterbalance the opposing force caused by the
action of atmospheric pressure upon the upper surface
of the rotor plate 50. This system can be useful when
the vacuum within the process chamber is changed, for
example, when the chamber is vented to atmosphere
for maintenance.

[0057] It is particularly desirable that the line of
action of the force generated by the compressed air
within the gas support region 210 is equal and opposite
to the line of action of the force generated by atmos-
pheric pressure on the upper surface of the rotor. Pro-
vided that these two forces are equal and opposite, any
twist (i.e. "dishing") of the stator is minimized.

[0058] Specifically, a linear bearing could benefit
from the above arrangement.

[0059] With the arrangement described above, the
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problem of distortion in the stator is significantly
reduced. This in turn allows the thickness of the air
bearing between the stator and the rotor to be reduced.
For example, a supply pressure of only 20 p.s.i. (140
kPa) to the compressed air bearing 120 may be neces-
sary.

[0060] It is to be understood that the pressure in the
compressed air bearing is constant and in particular
does not depend upon the thickness of air in it, for a
constant load. Only the air flow rate is increased to
maintain a constant pressure in the bearing as the gap
of the air bearing increases. This is achieved by increas-
ing the supply pressure of the compressed air to the air
bearing.

[0061] Embodiments of the invention have been
described in connection with a rotor plate, arranged to
rotate upon an air bearing above a stator which is in turn
mounted upon a flange in an ion implanter. However, it
will be appreciated that the invention may be employed
in other cases where it is desirable to reduce distortion
of the bearing surfaces of a fluid bearing. As set out
above, the scanning member 70 (Figure 1) moves rela-
tive to the rotor plate 50 on a further air bearing and the
apparatus is particularly preferred for employment in
conjunction with that air bearing as well. The foregoing
will enable those of ordinary skill to construct an
arrangement which will prevent distortion of the air
bearing between the rotor and the scanning member.
For linear as opposed to rotational movement, it may be
preferable for the piston member and the corresponding
recess to be generally rectangular rather than annular. It
will of course be understood that a conduit for com-
pressed air must be led across the rotor to the region
where the scanning member 70 is located.

[0062] Indeed, the invention is not restricted to ion
implanters and may be useful in other situations where
it is desirable to avoid distortion forces so that two
opposing bearing surfaces may be maintained flat rela-
tive to each other. For example, any device wherein lin-
ear motion on a fluid bearing occurs between two
bearing surfaces may benefit from the arrangement set
out herein.

[0063] Likewise, although in the described embodi-
ments compressed air has been inserted into the gas
support region, any suitable fluid may be used.

[0064] It will also be understood that the annular
recess 160 of Figures 3 and 4 could equally be formed
in the flange, with the annular piston meter 180
mounted upon the stator. Such an arrangement
requires that the flange 45 be thick enough to be
recessed, of course. Furthermore, a part of the stator or
base could itself act as the annular piston member.
[0065] Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention, which is to be
determined in accordance with the appended claims.
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Claims
1. A fluid bearing comprising:

(i) a base;

(ii) a stator attached to the base providing a first
planar fluid bearing surface extending in a
direction of movement;

(iii) a movable member having a second planar
fluid bearing surface extending over the first
surface, said movable member being mounted
to be movable relative to said stator in said
direction of movement, the first and second
surfaces being adapted to allow the second
surface to be supported spaced from said first
surface by a bearing fluid, one of said stator
and said base having a locating member
extending normal to the plane of said first sur-
face and the other of said stator and said base
having a recess shaped to receive said locating
member;

(iv) a fluid seal enabling said member to slide in
said recess in said normal direction sealing off
an enclosed volume between said member and
said other of said stator and said base;

(v) a plurality of fixtures at respective points
distributed in a plane parallel to said first sur-
face to fix said locating member and said other
of said stator and said base together at said
points to form said enclosed volume, with said
first surface of the said stator undistorted, and
(vi) a fluid controller controlling the supply of a
fluid to said enclosed volume to maintain said
first surface undistorted under the loading of
said moving member.

2. Anion implanter comprising:

(i) an ion beam generator to generate a beam
of ions to be implanted;

(i) a process chamber into which the ion beam
is directed, the process chamber having a sta-
tor base thereon;

(iii) a stator attached to the stator base provid-
ing a first planar fluid bearing surface extending
in a direction of movement;

(iv) a movable member having a second planar
fluid bearing surface extending over the first
surface, said movable member being mounted
to be movable relative to said stator in said
direction of movement, the first and second
bearing surfaces being adapted to allow the
second surface to be supported spaced from
the first surface by a bearing fluid, one of said
stator and said stator base having a locating
member extending normal to the plane of the
first bearing surface and the other of said stator
and said stator base having a recess shaped to
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receive said locating member;

(v) a fluid seal enabling said member to slide in
said channel in said normal direction sealing
off an enclosed volume between said member
and said other of said stator and said stator
base;

(v) a plurality of fixtures at respective points
distributed in a plane parallel to the first bearing
surface to fix said locating member and said
other of said stator and said stator base
together at said points to form said enclosed
volume, the number of said fixtures sufficient to
ensure that the first planar bearing surface of
the said stator remains undistorted, and a fluid
controller controlling the supply of a fluid to said
enclosed volume to maintain the first planar
bearing surface undistorted under the loading
of said moving member.

The fluid bearing of claim 1 or claim 2, in which the
locating member is generally rectangular in section,
and the recess is correspondingly generally rectan-
gular in section to receive the locating member.

The fluid bearing of claim 3, wherein a base of the
locating member is arranged substantially perpen-
dicular to the normal direction, and a corresponding
base of the generally rectangular recess is also
arranged substantially perpendicular to the normal
direction, the enclosed volume being defined
between the base of the locating member and the
base of the recess.

The fluid bearing of any one of claims 1 to 4, in
which the locating member defines an enclosed
annulus in a plane perpendicular to the normal
direction.

The fluid bearing of claim 5, in which the stator is
circular in a plane perpendicular to said normal
direction, and the moving member is a rotor
arranged to rotate relative to said stator about an
axis parallel to the normal direction.

The fluid bearing of either of claims 4, 5 and 6, com-
prising three fixtures distributed in said plane paral-
lel to said first bearing surface.

The fluid bearing of claim 7, wherein the three fix-
tures are distributed equidistantly around said
enclosed annulus.

The fluid bearing of claim 1 or claim 2, in which the
locating member is enclosed and is generally rec-
tangular in a plane perpendicular to the normal
direction.

10. The fluid bearing of any one of claims 1 to 8, further
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1.

12.

13.

14.

comprising means for evacuating a chamber vol-
ume which is at least in part enclosed by the stator
and the second planar fluid bearing surface of the
moving member.

The fluid bearing of claim 10, in which the fluid con-
troller comprises a pressure transducer to measure
the pressure within the said chamber volume, and a
pressure control means to control the pressure of
the said supply of fluid to the said enclosed volume
in dependence upon the said measured pressure.

The fluid bearing of any one of claims 1 to 11, in
which the base comprises a flange on the wall of an
ion implanter process chamber.

The fluid bearing of any one of claims 1 to 12, in
which the fluid supplied to said enclosed volume is
compressed air.

A fluid bearing comprising:

(i) a base;

(ii) a stator attached to the base providing a first
fluid bearing surface extending in a direction of
movement;

(iii) a moving member having a second fluid
bearing surface extending over the said first
bearing surface, said moving member being
mounted to be movable relative to said stator in
said direction of movement, said first and sec-
ond bearing surfaces being adapted to allow
the second bearing surface to be supported
spaced from the said first surface by a bearing
fluid, one of said stator and said base having a
locating member extending in a direction of
extension forming an obtuse angle with the
direction of movement of the first bearing sur-
face, and the other of the said stator and said
base having a recess shaped to receive the
said locating member;

(iv) a fluid seal enabling said member to slide in
said recess in said direction of extension seal-
ing off an enclosed volume between said mem-
ber and said other of said stator and said base;
and

(v) a plurality of fixtures at respective points
distributed in a plane perpendicular to said
direction of extension to fix said locating mem-
ber and said other of said stator and said base
together at said points to form said enclosed
volume, the number of fixtures being the mini-
mum necessary so that the first bearing sur-
face remains undistorted, and

(vi) a fluid controller controlling the supply of a
fluid to said enclosed volume to maintain said
first bearing surface undistorted under the
loading of said moving member, the strength of



15 EP 1 046 827 A2

the locating member and the stator being suffi-
cient to prevent distortion thereof under the
influence of components of the loading of the
said moving member in a direction perpendicu-
lar to the said direction of extension of the said
locating member.
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